Introduction {#S0001}
============

Influenza is a major public health burden resulting in significant clinical and economic impact each year. It is estimated that 290,000--650,000 seasonal influenza-associated respiratory deaths occur globally and between 15,000 and 70,000 deaths in the European Union and European Economic Area Member States each year.^[1](#CIT0001)-[3](#CIT0003)^ According to the World Health Organization (WHO), the most effective way to prevent the disease is vaccination, although other personal protective measures should also be adopted, like good hand and respiratory hygiene, avoiding contact with sick people and early self-isolation of those with influenza symptoms.^[4](#CIT0004)^ Due to frequent genetic and antigenic changes in influenza viruses, seasonal vaccines are regularly reformulated based on annual WHO recommendations on the composition of influenza virus vaccines.^[5](#CIT0005)^ Therefore, there is a need for constant benefit-risk monitoring of these vaccines.

Approaches to pharmacovigilance are constantly evolving to ensure that medicines and vaccines are safe and public confidence in them is maintained. A fall in public confidence can lead to public health issues; for example, the withdrawal of two batches of a specific brand of influenza vaccine in Italy during the 2014--2015 season resulted in a decline in influenza vaccine uptake.^[6](#CIT0006),[7](#CIT0007)^ Furthermore, concerns about adverse events after vaccination with pandemic influenza A/H1N1 vaccine suggested that surveillance systems in place at the time may have been inadequate.^[8](#CIT0008)^

The role of the European Medicines Agency (EMA) includes supervision of pharmacovigilance activities by pharmaceutical companies.^[9](#CIT0009)^ The European regulatory requirement for manufacturers of seasonal influenza vaccines to conduct annual small scale clinical trials was withdrawn in 2015. Instead, the EMA has set out new guidance for influenza vaccine monitoring,^[10](#CIT0010)^ which should be seen in the context of the EMA's wider approach to good pharmacovigilance practice.^[11](#CIT0011),[12](#CIT0012)^ The goal of the new guidance is to be able to rapidly detect, in near-real-time early in the season, any significant increase in the frequency or severity of pre-defined adverse events of interest (AEIs).^[10](#CIT0010)^ The EMA has suggested three options for vaccine manufacturers to monitor AEIs following vaccination: (1) active surveillance, using existing methods of post authorization surveillance; (2) enhanced passive surveillance (EPS) in which vaccine usage is rapidly estimated and additional steps are taken to facilitate passive reporting of AEIs; and (3) data mining or other use of electronic health records (EHRs).^[10](#CIT0010)-[12](#CIT0012)^

General practice in England is an appropriate setting to implement EPS as specified by the EMA. It has a registration-based list system (one individual registered with one general practitioner \[GP\]) and has been highly computerized since 2004, with all key data coded.^[13](#CIT0013)^ Data extracted from these systems are widely used in research.^[14](#CIT0014)^ General practices are largely independent professional partnerships that make their own decision about which brand of influenza vaccine to purchase prior to the start of each influenza season. Practices administer influenza vaccines to recommended groups, starting in September of each year.^[15](#CIT0015)^ For the 2017−2018 influenza season, Public Health England reported uptake levels of 70% or higher in the 65 years and over age group, while an uptake of 50% was reported for individuals aged 6 months to under 65 years in clinical at-risk groups;^[16](#CIT0016)^ almost all individuals received the vaccine at a general practice, whilst approximately 10% were vaccinated at community pharmacies, school or work.^[16](#CIT0016)^

The present study was conducted to fulfil EMA pharmacovigilance requirements for *Fluarix Tetra* (GSK), an inactivated quadrivalent influenza vaccine. Our primary objective was to estimate on a weekly basis the crude and cumulative incidence rate of AEIs within 7 days following vaccination with a seasonal influenza vaccine. We employed an EPS method which used a combination of data routinely collected via EHR, together with data collected via an adverse events reporting card (AERC) to maximize the likelihood of capturing adverse events experienced by vaccinees receiving GSK's *Fluarix Tetra*. Participants who received a non-GSK influenza vaccine were followed up using EHR systems only; they were not issued with an AERC. We have previously shown the feasibility of this method in general practice in England.^[17](#CIT0017),[18](#CIT0018)^

Results {#S0002}
=======

The total registered population of the 10 practices was 97,801 individuals. Of these, 97,754 had not opted out of data sharing, had a valid National Health Service (NHS) number, and their age and gender recorded in their EHR, and were therefore eligible to participate in the study.

Influenza vaccine exposure {#S0002-S2001}
--------------------------

The study vaccination period covered 1 September to 30 November 2016 and the follow-up period captured AEIs from week 37 to week 48. A total of 19,334 out of 97,754 (19.8%) individuals were vaccinated against influenza ([Tables 1](#T0001) and [2](#T0002)). Most vaccinees (71.7%) received *Fluarix Tetra* ([Figure 1](#F0001)). Information on vaccination data (vaccine administration date and batch number) in the EHR was \>99% complete for *Fluarix Tetra* and non-GSK influenza vaccine brands ([Supplement Table 1](https://doi.org/10.1080/21645515.2019.1565258)). The non-GSK vaccines administered were LAIV manufactured by Astra Zeneca (quadrivalent) and inactivated vaccines manufactured by Sanofi Pasteur Europe (trivalent); Seqirus Vaccines Limited (trivalent); and Abbot Biologicals (trivalent).10.1080/21645515.2019.1565258-T0001Table 1.Summary of demographic characteristics by vaccine group.  *Fluarix Tetra*\
N = 13,861Non-GSK\
N = 2295Unknown brand\
N = 3178All vaccinated\
N = 19,334CharacteristicsParameters or\
CategoriesValue or n%Value or n%Value or n%Value or n%Age\* (years)Mean66 24 57 60  SD16.2 29.7 24.9 24.1  Median70 5 66 68  Minimum0 1 1 0  Maximum107 102 97 107 GenderFemale766155.3115950.5180856.910,62855.0EthnicityAsian3272.424410.61233.96943.6 Black2752.033414.61334.27423.8 White958169.190639.5150647.411,99362.0 Mixed390.3642.8100.31130.6 Other360.3190.850.2600.3 Missing360326.072831.7140144.1573229.6Index of\
Multiple\
Deprivation\
(IMD)\
(0 = least and\
100 = most deprived)N'13,236 2232 2545 18,013 Mean16.0 21.8 20.0 17.3 SD12.2 13.2 13.5 12.7 Median11.9 22.4 16.4 13.3 Minimum1.3 1.3 1.4 1.3 Maximum66.3 66.3 70.5 70.5 Missing625 63 633 1321 [^2][^3][^4][^5] 10.1080/21645515.2019.1565258-T0002Table 2.Summary of age category and risk group by vaccine group.   *Fluarix Tetra*Non-GSKUnknown brandAll vaccinatedGroupCategoriesNn%%cn%%cn%%cn'%AgeAny age97,75413,86114.271.722952.311.931783.316.419,33419.8 6 months - 5 years6826160.21.2116817.187.11572.311.7134119.6 6--12 years8019240.34.22753.448.32703.447.55697.1 13--17 years5714540.934.8831.553.5180.311.61552.7 18--65 years61,08847947.876.93700.65.910701.817.2623410.2 \>65 years16,107897355.781.33992.53.6166310.315.111,03568.5Risk groupAny risk group39,22212,59132.175.216394.29.825126.415.016,74242.7 Asthma12,319304824.775.73612.99.06145.015.3402332.7 Chronic respiratory disease2308125654.478.0763.34.727912.117.3161169.8 Chronic heart disease6028322853.681.41783.04.55619.314.2396765.8 Chronic kidney disease3873231759.884.5772.02.83489.012.7274270.8 Chronic liver disease5693189633.379.31212.15.13746.615.6239142.0 Diabetes2483123549.773.41044.26.234413.920.4168367.8 Immunosuppression (includes relevant cancer treatment)55925144.978.0244.37.5478.414.632257.6 Chronic neurological disease4116200048.682.71313.25.42877.011.9241858.8 Asplenia75721328.177.5334.412.0293.810.527536.3 Pregnancy211041119.580.9311.56.1663.113.050824.1 Under 4 years old431250.10.673217.093.1491.16.278618.3 Over 65 years old16,084897355.881.33992.53.6166310.415.111,03568.7 Not at risk58,53212702.249.06561.125.36661.125.725924.4[^6][^7][^8][^9][^10] 10.1080/21645515.2019.1565258-F0001Figure 1.Flow diagram of study.AEI: adverse events of interest; AERC: adverse events reporting card

Generally, GPs used *Fluarix Tetra* preferentially for older people: the mean age for people receiving *Fluarix Tetra* was 66 years versus 24 years for people receiving non-GSK brands ([Table 1](#T0001)). Considering all age groups, the overall uptake of influenza vaccine was 19.8%. In the \>65 years age group, 68.5% received any influenza vaccine, of whom 81.3% received *Fluarix Tetra* ([Table 2](#T0002)). Among people with any high-risk condition, uptake of any influenza vaccine was 42.7%, of whom 75.2% received *Fluarix Tetra* ([Table 2](#T0002)). Uptake of influenza vaccine was relatively low in pregnant women and children \<4 years of age (24.1% and 18.3% overall, respectively; [Table 2](#T0002)).

Adverse events of interest reported for Fluarix Tetra {#S0002-S2002}
-----------------------------------------------------

Of the 13,861 participants who were immunized with *Fluarix Tetra*, 9956 (71.8%) received an AERC, of whom 4455 (44.7%) returned it (note that individuals who were immunized with another brand were not given an AERC) ([Figure 1](#F0001)). A total of 1049 people receiving *Fluarix Tetra* reported AEIs overall; 67.0% (n = 703) of these were reported using the AERC.

### Events reported for Fluarix Tetra via AERC {#S0002-S2002-S3001}

Weekly incidence rates via AERC were reported throughout the follow-up period (weeks 37 to 48). These varied from 0.67% (n = 2) at week 48 to 7.48% (n = 164) at week 40. Rates peaked between weeks 39−42, followed by a steady decrease throughout the remainder of the study ([Figure 2](#F0002); [Supplement Table 2](https://doi.org/10.1080/21645515.2019.1565258)).10.1080/21645515.2019.1565258-F0002Figure 2.Weekly incidence rate of any AEIs reported via AERC within 7 days post-vaccination in participants receiving *Fluarix Tetra.*The figure shows the percentage of participants reporting an AEI at least once on the AERC estimated from logistic GEE models adjusted for clustering effect of general practices, with upper and lower limits of the 95% CI based on the robust variance estimate AEI: adverse event of interest; AERC: adverse event reporting card; 95% CI: 95% confidence interval; GEE: generalized estimating equation; LL: lower limit; UL: upper limit

Across the follow-up period, AEIs were reported by one child in the 13−17 years age group, 238 adults aged 18−65 years, and 464 adults aged \>65 years. Rates for adults aged 18--65 and over 65s peaked in weeks 39--42 and then declined ([Figure 3(a](#F0003),[b)](#F0003)).10.1080/21645515.2019.1565258-F0003Figure 3.Weekly incidence rate of any AEIs reported via AERC within 7 days post-vaccination according to age group in adult participants receiving *Fluarix Tetra.*The figure shows the percentage of participants reporting an AEI at least once on the AERC estimated from logistic GEE models adjusted for clustering effect of general practices, with upper and lower limits of the 95% CI based on the robust variance estimate AEI: adverse event of interest; AERC: adverse event reporting card; 95% CI: 95% confidence interval; GEE: generalized estimating equation; LL: lower limit; UL: upper limit

The cumulative incidence rate of AEIs reported using the AERC for *Fluarix Tetra* during the follow-up period was 4.96% (95% confidence interval \[CI\]: 3.92−6.25) ([Supplement Table 2](https://doi.org/10.1080/21645515.2019.1565258)). The cumulative incidence rates were 5.01% (95% CI: 3.77−6.62) in adults 18−65 years of age and 5.01% (95% CI: 4.02−6.23) in adults \>65 years of age ([Supplement Table 3](https://doi.org/10.1080/21645515.2019.1565258)).10.1080/21645515.2019.1565258-T0003Table 3.Weekly incidence rates of any AEI reported on the EHR or by AERC within 7 days post-vaccination by vaccine group. *Fluarix Tetra*Non-GSKUnknown brandAll vaccinated    95% CI   95% CI   95% CI   95% CIWeekNn%LLULNn%LLULNn%LLULNn%LLUL3760\-\--00\-\--880\-\--940\-\--381269876.114.109.0131241.291.291.3025272.040.745.511833984.642.947.253926262278.487.829.19169106.206.186.2343030.700.202.3932252407.436.748.1840214621810.158.7711.72325113.613.583.6335741.220.334.3328282338.126.789.714124581727.465.949.3433451.460.415.0142471.710.982.9832161845.794.557.354213621188.648.538.76239104.412.707.1143282.462.392.5320331366.495.317.9043738577.587.018.1914042.530.827.58356102.771.156.541234716.014.687.6844769526.604.938.7917963.221.666.1720441.810.575.591152625.283.947.0445704547.815.5710.8611321.970.715.3624241.221.181.271059605.704.177.7546945375.003.726.6927264.211.6810.1614121.540.593.941358454.493.435.8747474143.111.715.6213221.740.416.9914932.850.7210.6755192.651.504.6248364133.542.485.038022.070.3511.1510322.300.945.52547173.162.154.61[^11][^12][^13][^14]

Recruitment into the study by GP practices may have created a clustering effect, because participants in the same practice tend to share certain demographic and social characteristics. We therefore calculated an intra-cluster correlation coefficient (ICC) to measure the clustering effect between general practices. Importantly, the ICC was low (0.0053), indicating homogeneity in reporting rates of AEIs via AERC between practices.

### Total events reported for Fluarix Tetra including EHR and AERC data {#S0002-S2002-S3002}

The patterns of reported AEIs for both EHR and AERC were similar to those reported using just AERC. The age of study participants reporting AEIs following vaccination with *Fluarix Tetra* using AERC and EHR data was distributed as follows: two children in the 6 months to 5 years group, three children in the 6−12 years group, one child in the 13−17 years group, 384 adults in the 18−65 years group, and 659 adults in the \>65 years group.

The weekly incidence rate of AEIs during the follow-up period (weeks 37 to 48) reported via AERC and EHR for *Fluarix Tetra* varied from 3.11% (n = 14) at week 47 to 10.15% (n = 218) at week 40, peaking between weeks 39−42 ([Table 3](#T0003)). The overall cumulative rate of AEIs for *Fluarix Tetra* during the follow-up period was 7.60% (95% CI: 6.43−8.96; n = 1,049) ([Table 4](#T0004)).10.1080/21645515.2019.1565258-T0004Table 4.Cumulative incidence rates of any AEI reported on the EHR or by AERC within 7 days post- vaccination by vaccine group. *Fluarix Tetra*Non-GSKUnknown brandAll vaccinated    95% CI   95% CI   95% CI   95% CIWeekNn%LLULNn%LLULNn%LLULNn%LLUL3760\-\--00\-\--880\-\--940\-\--381275876.044.048.9431241.291.291.3034071.560.534.521927984.412.776.973939013148.037.009.19481142.862.862.87770100.860.252.8951523386.495.437.744060475328.857.7310.12806253.133.103.151127141.110.472.6179805717.146.038.434185057048.336.959.961140302.822.393.321551211.350.802.2811,1967556.715.548.114298678228.357.099.811379403.283.153.421983291.460.982.1613,2298916.655.587.914310,6058798.327.139.691519442.681.893.792339391.641.172.3014,4639626.625.607.814411,3749318.207.039.531698503.333.173.502543431.581.062.3515,61510246.515.497.694512,0789858.167.019.471811523.293.103.482785471.611.142.2816,67410846.455.457.604613,02310227.896.659.352083582.702.063.552926491.631.192.2218,03211296.285.227.534713,49710367.726.549.102215602.591.943.453075521.741.372.2118,78711486.135.137.324813,86110497.606.438.962295622.591.933.473178541.771.422.2019,33411656.045.057.22[^15][^16][^17][^18]

The ICC was 0.0033, indicating homogeneity in reporting rates of AEIs recorded via the EHR and AERC for *Fluarix Tetra* between general practices.

Adverse events of interest reported for non-GSK and unknown vaccine brands via EHR {#S0002-S2003}
----------------------------------------------------------------------------------

Of note, participants who were immunized with non *Fluarix Tetra* vaccines were not provided with an AERC and therefore AEIs were captured using data routinely encoded in the EHR exclusively. A total of 62 individuals reported an AEI with a non-GSK influenza vaccine and 54 with an unknown brand of influenza vaccine. Weekly AEI incidence rates during the follow-up period ranged from 1.29% to 6.20% for non-GSK brands and from 0.70% to 2.85% for unknown vaccine brands ([Table 3](#T0003)). The overall cumulative rate of AEIs during the follow-up period was 2.59% (95% CI: 1.93−3.47) for non-GSK brands, and 1.77% (95% CI: 1.42−2.20) for unknown vaccine brands ([Table 4](#T0004)). The ICC was 0.0012 for non-GSK vaccine brands and −0.0006 for unknown brands.

Cumulative incidence rates of AEIs reported via the EHR or derived from the AERC according to pre-specified clinical category {#S0002-S2004}
-----------------------------------------------------------------------------------------------------------------------------

The total cumulative rates of individual pre-specified AEIs during the follow-up period (weeks 37 to 48) reported for all vaccines are shown in [Table 5](#T0005). To evaluate any potential safety signal with *Fluarix Tetra*, the frequency of individual AEIs observed in the present EPS study was compared with the frequency of the AEIs included in the *Fluarix Tetra* Summary of Product Characteristics (SmPC).^[19](#CIT0019)^ All AEIs except headache occurred at a lower frequency in the present study than stated in the SmPC, and none occurred at a higher frequency ([Table 6](#T0006)), confirming that no safety signal was detected for *Fluarix Tetra* in the EPS.10.1080/21645515.2019.1565258-T0005Table 5.Cumulative incidence rates of AEIs reported on the EHR or by AERC within the 7 days post-vaccination period by vaccine group according to EMA-specified clinical category (week 37--48). *Fluarix Tetra*\
N = 13,861Non-GSK\
N = 2295Unknown brand\
N = 3178All vaccinated\
N = 19,334   95% CI  95% CI  95% CI  95% CIAEIsn%LLULn%LLULn%LLULn%LLULAny AEIs10497.606.438.96622.591.933.47541.771.422.2011656.045.057.22Fever/pyrexia1330.970.801.18251.201.061.36160.460.260.831740.910.741.12Local symptoms (i.e. local erythema)1270.920.571.470\-\--0\-\--1270.690.401.16Any general non-specific symptoms2021.451.141.8410.090.070.1210.030.000.212041.050.801.38 Drowsiness720.520.380.700\-\--0\-\--720.370.260.52 Fatigue1691.200.941.540\-\--10.030.000.211700.870.641.17 Irritability170.120.070.200\-\--0\-\--170.090.050.14 Malaise40.030.010.0810.090.070.120\-\--50.030.010.06Any respiratory/miscellaneous5133.662.954.52230.830.681.01130.340.160.715492.732.223.36 Conjunctivitis280.190.100.3520.100.090.120\-\--300.140.070.25 Coryza960.640.411.010\-\--0\-\--960.440.280.68 Cough2101.531.182.00170.590.480.72130.340.160.712401.220.971.52 Epistaxis120.090.040.1610.090.070.120\-\--130.070.040.12 Hoarseness710.510.370.690\-\--0\-\--710.360.270.48 Nasal congestion2761.871.422.4530.170.040.630\-\--2791.380.981.94 Oropharyngeal pain1551.100.831.4520.090.020.360\-\--1570.780.591.03 Rhinorrhoea2431.691.322.1620.110.020.680\-\--2451.230.901.68 Wheezing630.450.280.730\-\--10.030.010.19640.310.200.47Any gastrointestinal1541.090.851.3920.100.080.1230.100.030.321590.800.601.08 Decreased appetite500.350.240.5110.040.010.3210.030.000.26520.260.170.40 Diarrhoea640.460.360.590\-\--20.060.020.26660.340.260.45 Nausea710.510.380.670\-\--0\-\--710.360.260.50 Vomiting190.140.090.2110.090.070.120\-\--200.100.070.15Any sensitivity/anaphylaxis150.100.050.2110.090.070.120\-\--160.080.040.16 Anaphylactic reactions0\-\--0\-\--0\-\--0\-\-- Facial oedema10.010.000.050\-\--0\-\--10.010.000.03 Hypersensitivity reactions140.090.040.2110.090.070.120\-\--150.080.040.16Any rash470.350.240.5060.200.060.6020.060.020.21550.290.210.40 Generalised rash310.240.150.3760.200.060.6020.060.020.21390.210.140.32 Rash160.120.080.160\-\--0\-\--160.080.050.13Any musculoskeletal3312.381.893.0170.120.020.67150.470.230.953531.811.412.32 Arthropathy790.550.330.920\-\--0\-\--790.390.220.68 Muscle aches/myalgia3112.251.772.8770.120.020.67150.470.230.953331.721.342.20Any neurological2061.501.201.8860.300.260.3550.190.070.562171.120.881.41 Bell's palsy0\-\--0\-\--0\-\--0\-\-- Guillain-Barre Syndrome0\-\--0\-\--0\-\--0\-\-- Headache1921.401.121.7460.300.260.3550.190.070.562031.050.831.32 Peripheral tremor240.160.120.220\-\--0\-\--240.120.090.16 Seizure/Febrile convulsions20.010.000.050\-\--0\-\--20.010.000.03[^19][^20][^21][^22] 10.1080/21645515.2019.1565258-T0006Table 6.Observed frequency of AEIs for *Fluarix Tetra* in EPS (AERC and EHR data combined) compared with the frequency of solicited events included in the summary of product characteristics. Observed frequency in the SmPCObserved frequency in the EPS\
% (95% CI) Age group\
6 months--3 yearsAge group\
3--6 yearsAge group\
6--18 yearsAge group\
≥18 yearsAll age groups**General disorders and administration site conditions**      FeverCommonCommonCommonCommonUncommon: 0.97 (0.80, 1.18) FatigueN/AN/AVery commonVery commonCommon: 1.20 (0.94, 1.54) Injection site rednessVery commonVery commonVery commonCommonUncommon: 0.92 (0.57, 1.47)^a^**Nervous system disorders**      HeadacheN/AN/ACommonCommonCommon: 1.40 (1.12, 1.74) DrowsinessVery commonCommonN/AUncommonUncommon: 0.52 (0.38, 0.70)**Psychiatric disorders**      IrritabilityVery commonVery commonN/AN/AUncommon: 0.12 (0.07, 0.20)**Musculoskeletal disorders**      MyalgiaN/AN/AVery commonVery commonCommon: 2.25 (1.77, 2.87) ArthralgiaN/AN/ACommonCommonUncommon: 0.55 (0.33, 0.92)^b^**Gastrointestinal disorders**      NauseaN/AN/ACommonCommonUncommon: 0.51 (0.38, 0.67) VomitingN/AN/ACommonCommonUncommon: 0.14 (0.09, 0.21) DiarrhoeaN/AN/ACommonCommonUncommon: 0.46 (0.36, 0.59)**Metabolism and nutrition disorders**      Loss of appetiteVery commonCommonN/AN/AUncommon: 0.35 (0.24, 0.51)**Skin and subcutaneous tissue disorders**      RashN/RUncommonUncommonN/AUncommon: 0.35 (0.24, 0.50)[^23][^24][^25][^26][^27]

Hospital admission and deaths {#S0002-S2005}
-----------------------------

A total of 12 participants were hospitalized within the 7 days post-vaccination period (nine participants vaccinated with *Fluarix Tetra* and three with an unknown vaccine brand). None were considered to be associated with vaccination based on their registered GP's judgement. There were no deaths among study participants.

Discussion {#S0003}
==========

The purpose of our study was to fulfil EMA pharmacovigilance requirements for *Fluarix Tetra* using an EPS method that collected data on pre-defined AEIs, using a combination of data routinely collected from EHRs and a reporting card system completed by vaccinees. We demonstrated that this method can be successfully implemented in a primary care setting.

The study identified no safety signal for *Fluarix Tetra*. The pattern of AEI reporting rates appeared similar from week to week. Compared with the *Fluarix Tetra* SmPC,^[19](#CIT0019)^ the reporting rates of individual AEIs were of similar or lower magnitude, and the cumulative end-of-season analysis revealed no unexpected events. Furthermore, none of the hospital admissions in the week following vaccination appeared to have a causal link with vaccination based on the data available at the weekly reviews and follow-up information requested. The overall incidence rate of AEIs for *Fluarix Tetra* was 4.96% (95% CI: 3.92−6.25) reported via AERC only and 7.60% (95% CI: 6.43−8.96) reported via the AERC or through data recorded in clinical consultations. The incidence rate for non-GSK influenza vaccines based on data recorded in clinical consultations was 2.59% (95% CI: 1.93−3.47). The rate of AEIs appeared to peak early in the season and decline over time. The reason for this is unclear, but we speculate that people who attend early in the season for their influenza vaccine are highly organized individuals who may be meticulous in reporting AEIs. However, we have no specific evidence to support this hypothesis.

Just under half (44.7%) of the *Fluarix Tetra* recipients who were issued with an AERC returned it. Two thirds of participants who reported an AEI with *Fluarix Tetra* did so via the AERC and one third at a GP consultation. It appears that the AERC was a useful tool that complemented routine pharmacovigilance, and allowed more comprehensive capture of AEIs experienced. An Australian study also described a trebling of AEI reports with Bacillus Calmette-Guérin vaccine following introduction of an EPS scheme, although the largest increase was observed among children.^[20](#CIT0020)^ The contribution of EPS in monitoring AEIs for other vaccines has been demonstrated in Australia and the Netherlands.^[21](#CIT0021),[22](#CIT0022)^

Despite the demonstrated added value of combining routinely collected data from the EHR with data from the AERC, we cannot completely rule out potential under-reporting of AEIs in our study. In an Australian post-marketing surveillance study of healthcare professionals in which surveillance was conducted by short message service (SMS), one in eight (13.3%) recipients of influenza vaccine reported an AEI.^[23](#CIT0023)^ A study in the Netherlands that used three repeated web-based questionnaires, with response rates of 91%, 85%, and 78%, found an AEI rate of 38.5%.^[24](#CIT0024)^ A US study has evaluated adverse events using a system in which influenza vaccine recipients were asked to report via internet or telephone on a daily basis for 14 days post-vaccination regardless of whether an event was experienced or not; daily email reminders were sent and non-respondents were followed up by telephone.^[25](#CIT0025)^ The study found that 62% of people reported AEIs, though half were minor. Interestingly, minor AEIs peaked on the second day and more serious effects (e.g. hoarseness or wheezing, unusual weakness, dizziness) peaked on the fifth day post-vaccination.^[25](#CIT0025)^

The current study was sufficiently powered to detect very common (≥1/10), common (≥1/100 to \<1/10) and uncommon (≥1/1,000 to \<1/100) AEIs that are pre-defined by EMA, but was not designed to detect rare events (\>1/10,000 and \<1/1000) or very rare events (\<1/10,000).^[19](#CIT0019)^ The ICC was low and the generalized estimating equations (GEE) adjusted percentages of AEIs were close to those reported from the unadjusted data, suggesting that the practices selected for this study were relatively similar in their approach to influenza vaccination and AEI reporting. Weekly analysis was more robust as vaccine exposure increased. Collecting data over successive seasons would provide information about year-on-year variation in rates of AEIs and may make it easier to detect any safety signal. Longitudinal data would be particularly helpful at the start of the season when it is hard to tell if sporadic reports represent any type of signal.

Our data are primarily applicable to adult vaccine recipients. In the UK, the live attenuated influenza vaccine nasal spray is used preferentially for children, and thus very few children received *Fluarix Tetra* and were issued with an AERC. Therefore, the data from our study do not fully represent all influenza vaccine recipients in England. A limitation of our study is that pneumococcus and shingles vaccines are commonly administered in UK primary care on the same day as the influenza vaccine, potentially leading to difficulties in distinguishing between events associated with one vaccine versus another. Co-administration of other vaccines during the study was expected to be limited, and therefore documentation of co-administration was not part of the study procedures. A high proportion of ethnicity data was missing. We could improve our EPS method by capturing on the EHR when a returned AERC indicated no AEI. Other options that could have been considered include using reminders to try to boost the return rate of the AERCs and offering an SMS or web-based system to report AEIs rather than a card-based system.

Conclusions {#S0004}
===========

Our EPS method combined routinely-collected data from the EHR with data from an AERC in people vaccinated with *Fluarix Tetra* to maximize the likelihood of capturing any AEI experienced. We succeeded in enrolling a substantial number of vaccinated people, exceeding the minimum sample size recommended by EMA (n = 1000),^[10](#CIT0010)^ as well as the anticipated number used in our sample size assumptions.^[17](#CIT0017)^ We demonstrated that our EPS method can be successfully implemented in a primary care setting. No safety signal for *Fluarix Tetra* was identified. Our EPS method combining routine data from the EHR with an AERC appears to be a useful way to improve capture of AEIs compared with classical passive surveillance alone. In conclusion, the study identified no safety signal during or at the end of the study that would impact public health or alter the benefit-risk profile of *Fluarix Tetra*. The study supports and confirms the safety profile of GSK's *Fluarix Tetra* vaccines.

Methods {#S0005}
=======

The study methods have been published previously in detail^[17](#CIT0017)^ and are summarized below. In summary, our EPS method was a combination of near-real-time passive surveillance of EHR systems, enhanced by use of an AERC in participants vaccinated with *Fluarix Tetra*; the method followed EMA guidance.^[10](#CIT0010)^ The study received a favourable ethics committee approval: Integrated Research Application System (IRAS) project ID: 211560; Research Ethics Committee (REC) reference: 16/NE/0271. All data were pseudonymized, as described previously.^[17](#CIT0017)^ Interim and final analyses were performed. Interim safety reports were assessed on a weekly basis by GSK's safety core team to identify any potential safety concerns. The content and outcome of those investigations were communicated to the University of Surrey who could contact the participating sites for further insights as appropriate. We have previously reported an interim analysis of this study, where the AERCs were described as "orange cards" but refer to the same tool^[18](#CIT0018)^; the present paper reports the final analysis.

Setting and population {#S0005-S2001}
----------------------

The sample size calculation has been reported previously.^[17](#CIT0017)^ Briefly, assuming that influenza vaccination uptake in the 2016−2017 season would be similar to the previous season, we estimated that approximately 70,000 individuals would be required to enroll approximately 5000 vaccinees. As the average practice size is 7034, we recruited 10 practices.

We enrolled 10 general practices that used GSK's *Fluarix Tetra* as their principal brand of influenza vaccine, although other brands were also used. These practices were already part of the Royal College for General Practitioners Research and Surveillance Centre network. We picked the practices based on their principal vaccine brand, their representativeness of the general population and their willingness to participate. The practices were spread across England: three practices each in the North, Midlands and East, and South NHS regions, with the tenth practice in London, and encompassed conurbation, urban and rural areas. The practices used different EHR systems; seven used EMIS Webb, one used TPP SystmOne and one used INPS Vision. The process was the same for all clinical systems. Reimbursement to the practices followed National Institute of Health Research guidelines for industry sponsored studies. Before the start of the study, each participating GP was provided with induction training which covered the scope of the study and the method of achieving standardized encoding of the events reported. In addition, GPs were instructed on the need to prime vaccinees about the study and the importance of reporting any post-vaccination events.

The study vaccination period covered 1 September to 30 November 2016 and the follow-up period captured AEIs from week 37 to week 48. All individuals in an enrolled practice who received a seasonal influenza vaccination were eligible for the study providing they had a valid and pseudonymized NHS number, date of birth and gender recorded in the EHR. Individuals who received their vaccination outside of the practice (e.g. at a pharmacy) were included in the analysis. Any individual who was vaccinated with *Fluarix Tetra* outside the general practice did not receive an AERC. Individuals who had explicitly opted out of data-sharing were excluded. The study had no influence on which individuals were vaccinated or with which vaccine, although it was anticipated that national guidance would be followed.^[26](#CIT0026)^ These guidelines recommend that the following groups be vaccinated: people ≥65 years of age; people with a chronic medical condition; pregnant women; children 2, 3 or 4 years of age; and other individuals considered at risk or a close contact of people at risk.^[26](#CIT0026)^ However, any individual outside of the recommended groups could choose to be vaccinated.

Data collection {#S0005-S2002}
---------------

We utilized the database and weekly reporting system developed in 2015 for the Royal College of General Practitioners Research and Surveillance Centre, the primary care national surveillance system.^[27](#CIT0027),[28](#CIT0028)^ We used two data sources: (1) practice EHR data (passive surveillance component) and (2) AERC completed by participants receiving *Fluarix Tetra* (enhanced component). The AERCs (the 'orange card') have been described previously.^[17](#CIT0017),[18](#CIT0018)^ The cards were handed out at the routine vaccination and were returned either in person or by mail, ideally within 7 days post-vaccination, but no longer than 14 days. We performed a weekly pseudonymized data extract utilizing both data sources. Cross-sectional weekly reports were produced and published online.^[29](#CIT0029)^ A summary of the results is available on ClinicalTrials.gov (NCT02893878).

### Vaccine exposure {#S0005-S2002-S3001}

The total number of people vaccinated was recorded and categorized as (1) vaccinated using GSK's *Fluarix Tetra*; (2) vaccinated with another specified brand of influenza vaccine (recorded as 'Non-GSK'); (3) vaccinated with an unknown brand of influenza vaccine. We reported the characteristics of the population exposed to influenza vaccine including age category at the time of immunization (6 months to 5 years, 6−12 years, 13−17 years, 18−65 years, \>65 years); gender; ethnicity using UK Office of National Statistics categories and an ontological approach to maximize data capture^[30](#CIT0030)^; and a measure of socioeconomic status, the Index of Multiple Deprivation (IMD).^[31](#CIT0031)^ In addition, we reported vaccine exposure according to high-risk group specified by national guidance if applicable, and added a category "not at risk" where no obvious risk factor was recorded.

Vaccine exposure data were either reported using a vaccine administration code, or through recording of vaccine brand and batch number. However, the vaccine brand was not consistently recorded when the vaccine was administered in a pharmacy, because recording of the brand is not required by the system that provides data about pharmacy administration.^[32](#CIT0032)^ We reported vaccine exposure data when either the date of administration or the batch number was available; data were considered complete if both administration date and batch number were available.

### Adverse events {#S0005-S2002-S3002}

The AERC consisted of a structured list of pre-specified AEIs recommended by the EMA,^[10](#CIT0010)^ with the option for participants to record that no AEI or any adverse event occurred. Events were grouped into body systems: respiratory conditions (conjunctivitis, coryza, cough, epistaxis, hoarseness, nasal congestion, oropharyngeal pain, rhinorrhea, wheezing); musculoskeletal conditions (arthropathy, muscle aches/myalgia); neurologic conditions (Bell's palsy, Guillain-Barre syndrome, headache, peripheral tremor, seizure/febrile convulsions); gastrointestinal conditions (decreased appetite, diarrhea, nausea, vomiting); general symptoms (drowsiness, fatigue, irritability, malaise); sensitivity/anaphylaxis (anaphylactic reactions, facial edema, hypersensitivity reactions); fever/pyrexia including actual temperatures recorded when available; local erythema; and rash.

Adverse events were recorded for 7 days post-vaccination. The practice recorded all returned AERCs. Any adverse events recorded on the AERC were entered on the participant's EHR, but if no adverse event was recorded, this was not captured on the EHR. AEIs reported to the practice outside of the AERC were recorded on the EHR.

### Hospital admissions and deaths {#S0005-S2002-S3003}

Hospital admissions were identified via our data extracts using a set of read codes. These varied in specificity and may not have given the reason for the admission. Therefore, the practice at which the participant was registered was contacted within a week from admission to determine the reason for the admission and any suspected causal link with vaccination in the professional judgement of the practice. Each practice was also required to provide the reason for any deaths and any suspected causal link with the vaccine. If a causal link was suspected, practices were encouraged to use the national reporting system "Yellow Card Scheme" in parallel to the reporting scheme described in this paper; in addition, if the event occurred after vaccination with *Fluarix Tetra*, the practice was required to report the event to GSK in parallel.

Study endpoints {#S0005-S2003}
---------------

The primary endpoint was the occurrence of AEIs within 7 days post-vaccination reported with the AERC in recipients of *Fluarix Tetra*. Data were stratified by age category (6 months−5 years, 6−12 years, 13−17 years, 18−65 years, \>65 years). The secondary endpoint was the occurrence of AEIs within 7 days post-vaccination using data from the EHR (which includes data from the AERC), with data stratified by vaccine brand (*Fluarix Tetra*, non-GSK or unknown). Influenza vaccine exposure and return rate of the AERCs were analyzed as tertiary endpoints. As part of EMA pharmacovigilance requirements, the study also evaluated any potential safety signal with *Fluarix Tetra* by comparing the observed frequency of individual AEIs versus the frequency of solicited AEIs included in the *Fluarix Tetra* SmPC.^[19](#CIT0019)^ The occurrence of any unexpected event or an increase in frequency versus the SmPC could indicate a potential safety signal.

Statistical analysis {#S0005-S2004}
--------------------

Weekly data were reported in the weekly vaccinated safety cohort which included all registered individuals who were eligible for the study and vaccinated during the week before the week of interest (reaching up to 7 days of follow-up post-vaccination during the week of interest). Cumulative data were reported in the cumulative vaccinated safety cohort which included all registered individuals who were eligible for the study and vaccinated at any point from study start-up to the week before the week of interest (i.e. cumulatively since the beginning of the study).

The number and proportion of individuals who received an influenza vaccine in the 10 general practices were calculated. We used descriptive statistics to report demographic characteristics. Recruitment into the study by GP practices may have created a clustering effect, because participants in the same practice are more likely to receive similar treatment for a given condition, and are likely to share similarities including geography, socioeconomic status, ethnic background, or age by virtue of the area in which they live. In the same way, GP practices that have chosen to work together are likely to share similarities. Similarities (or homogeneity) between participants in clusters reduce the variability of their responses, compared with that expected from a random sample. This clustering effect thus decreases the precision of the estimated rates (i.e. leading to a wider confidence interval around the estimated rates).

The incidence rates of AEI, their 95% CI and ICCs accounting for clustering effect were estimated from the logistic GEE models adjusted for clustering effect of GP practices with a robust variance estimate.^[33](#CIT0033)^ The exact CI for a proportion within a group, not accounting for clustering effect, was calculated using the method described by Clopper & Pearson.^[34](#CIT0034)^

For the weekly incidence rate of AEIs, the denominator was the number of participants in the weekly vaccinated safety cohort for the week of interest and the numerator was the corresponding number who reported an AEI within 7 days following vaccination with the seasonal influenza vaccine. For the cumulative incidence rate, the denominator was the number of participants in the cumulative vaccinated safety cohort up to the week of interest and the numerator was the corresponding number who reported an AEI within 7 days following vaccination with the seasonal influenza vaccine.
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###### Supplemental Material

[^1]: ClinicalTrials.gov number: NCT02893878

[^2]: \*Age at influenza vaccination.

[^3]: N: number of participants.

[^4]: N': number of participants with available data.

[^5]: n/%: number/percentage of participants in a given category; SD: standard deviation.

[^6]: N = number of participants in a given category.

[^7]: n = number of participants in the given category who received the specified seasonal influenza vaccine.

[^8]: n' = number of participants in the given category who received any seasonal influenza vaccine.

[^9]: % = (n/N) \* 100 for a specified vaccine brand or (n'/N) \* 100 for any vaccine brand.

[^10]: %c = (n/n') \* 100.

[^11]: N: number of participants vaccinated.

[^12]: n: number of participants reporting an AEI at least once.

[^13]: %: percentage of participants reporting an AEI at least once estimated from logistic GEE models adjusted for clustering effect of general practices, with upper and lower limits of the 95% CI based on the robust variance estimate.

[^14]: AEI: adverse event of interest; AERC: adverse event reporting card; EHR: electronic health record; GEE: generalized estimating equation; LL: lower limit; UL: upper limit; 95% CI: 95% confidence interval.

[^15]: N: number of participants vaccinated.

[^16]: n: number of participants reporting an AEI at least once.

[^17]: %: percentage of participants reporting an AEI at least once estimated from logistic GEE models adjusted for clustering effect of general practices, with upper and lower limits of the 95% CI based on the robust variance estimate.

[^18]: AEI: adverse event of interest; AERC: adverse event reporting card; EHR: electronic health record; GEE: generalized estimating equation; LL: lower limit; UL: upper limit; 95% CI: 95% confidence interval.

[^19]: N: number of participants vaccinated.

[^20]: n: number of participants reporting an AEI at least once.

[^21]: %: percentage of participants reporting an AEI at least once estimated from logistic GEE models adjusted for clustering effect of general practices, with upper and lower limits of the 95% CI based on the robust variance estimate.

[^22]: AEI: adverse event of interest; AERC: adverse event reporting card; EHR: electronic health record; EMA: European Medicines Agency; GEE: generalized estimating equation; LL: lower limit; UL: upper limit; 95% CI: 95% confidence interval.

[^23]: Adverse reactions reported for *Fluarix Tetra* in the different age groups are listed according to the following frequency categories per dose in the SmPC^[19](#CIT0019)^: very common: ≥1/10; common: ≥1/100 to \<1/10; uncommon: ≥1/1,000 to \<1/100; rare: ≥1/10,000 to \<1/1,000); very rare: \<1/10,000.

[^24]: ^a^In the present study, this event was captured under local erythema; ^b^In the present study, this event was captured under arthropathy.

[^25]: N/A = Not solicited in this age group.

[^26]: N/R = Not reported.

[^27]: AEI: Adverse event of interest; AERC: Adverse event reporting card; EHR: electronic health record; EPS: enhanced passive surveillance; SmPC: Summary of Product Characteristics; 95% CI: 95% confidence interval (Clopper-Pearson exact CI modified for cluster data).
